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Introduction
Intensive research has been done to elaborate the role played by international trade and foreign direct investment (FDI) in fostering economic growth through marketsize effects and technology transfer among other channels of transmission. However, while most studies concentrate on the aggregate or sectoral dimension of this subject matter, only recently have economists also become aware of the likely importance of its spatial extent. From a (regional) policy perspective, it is of considerable interest to draw viable conclusions with respect to the evolution of interregional inequalities in the course of enhancing trade integration and foreign capital deepening.
Using panel data for West German states between 1976 and 2008, this article aims to shed more light on the direct and indirect interregional ties between the evolution of technological progress and international business activity. While direct effects measure the region's own comovement of economic development and internationalization activity over time, indirect effects aim at identifying the strength of interregional spillover effects of trade and FDI and thus allows us to measure the spatial extent of internationalization activity at the regional level. Moreover, using a dynamic model context, the analysis looks both at the long-run structural components of the relationship among these variables and the transitory short-run dynamics.
In a recent survey, Brülhart (2011) has pointed to the need of further research efforts in order to analyze the implications of trade integration on intranational economic geographies. The author reviews the existing theoretical and empirical attempts to describe and explain these within-country adjustments. From a theoretical perspective, the uneven evolution of economic growth due to internationalization activity across space is most prominently discussed by the new economic geography (NEG) literature, where long-run spatial divergence is typically the result of a concentration of economic activity in certain agglomerations. In almost all NEG models, free trade and capital movement play a key role; however, whether agglomeration or dispersion forces dominate depends crucially on the underlying modeling choices: while one bulk of models favors internal economic dispersion in the course of external trade liberalization with unchanged internal transportation costs (Krugman and Livas Elizondo 1996; Behrens et al. 2007) , alternative model specifications instead find increasing agglomeration forces as a result of enhancing trade integration (Monfort and Nicolini 2001; Paluzie 2001) . These conflicting predictions basically hold irrespective of whether within-country difference in terms of topography and infrastructure are assumed to be present or not (Brülhart 2011) .
Since the different modeling approaches rely on specific functional forms and thus no a priori reasoning can be made to adjudicate between the two, Brülhart (2011) argues that no clear-cut theoretical conclusion can be drawn and, instead, an empirical identification strategy should be conducted to answer the question related to the spatial extent of internationalization activity. In this article, we therefore measure the likely magnitude of spatial concentration and dispersion forces through the identification of spatial spillovers of trade and FDI activity. Having regional data with a long time dimension at hand, our methodological approach rests on a global cointegration analysis, which aims at identifying comovements among the set of variables within and between regions. The notion of global panel cointegration, which combines elements of aggregate time-series analysis, panel and spatial econometrics, has recently been introduced by Beenstock and Felsenstein (2010) .
Besides controlling simultaneously for the well-known problems of spurious regression with trended data as well as cross-sectional correlation among the residuals, global cointegration analysis thus enables a complex interpretation of the importance of space and time in determining the joint evolution of total factor productivity (TFP) and internationalization activity. The basic idea of this approach may be best explained with a simple example: consider the case of two regions, where one region is heavily engaged in international trade or FDI and directly benefits from this activity in terms of productivity growth. The second region is not actively engaged in internationalization activity; however, it may potentially benefit from the first region's openness via forward and backward linkages, which in turn raise output for this region as well. On the other hand, the increased trade integration of region 1 may also lead to an internal reallocation of economic activity, which negatively affects the growth path of region 2. Rather than observing a long-run comovement and its short-run adjustment path for the region's own level of output and internationalization activity, the inclusion of a spatially lagged trade and FDI variable is thus likely to tell a much more complex story of cointegration among regional economic growth, trade, and FDI activity.
The remainder of the article is organized as follows: in the next section, we start with a brief overview of recent empirical contributions regarding the relationship of economic growth, trade, and international capital movement and then discuss the empirical model specification as well as the estimation technique. The section on Data and Stylized Facts presents the data used, while the section on Empirical Results deals with the discussion of the econometric results. Here, a special focus is given to their economic interpretation and analysis of statistical robustness when alternative spatial weighting matrices are used. The final section concludes the article.
Theory and Empirics of Productivity-Trade-FDI Linkages
According to growth theory, a change in the output level over time may either stem from the accumulation of production factors (labor and capital) and/or improvements in the technology level. By fostering the international transfer of technology, trade and FDI are typically expected to affect growth through this transmission channel (Saggi 2010) . As a result, the empirical mainstream approach to reveal these linkages typically builds on an aggregate time-series perspective aiming to identify long-run cointegration relationships and analyzing the direction of causality among the variables involved. In a recent meta study for the FDI-growth relationship, the Organization for Economic Cooperation and Development (2002) finds that in eleven of the fourteen studies FDI contributes positively to income growth and factor productivity. A similar meta study by Ozturk (2007) confirms this link. Investigating the simultaneous interference of trade and FDI on growth and vice versa, Ekanayake, Vogel, and Veeramacheneni (2003) , Dritsaki, Dritsaki, and Adamopoulus (2004) , Wang, Liu, and Wei (2004) , Makki and Somwaru (2004) , and Hansen and Rand (2006) among others use cointegration analysis to identify the long-and short-run effects among the variables and, by means of Granger causality tests, get general evidence for a bidirectional causal relationship between internationalization activity and economic growth. Using data for North and South American countries between 1960 and 2001 (including Brazil, Canada, Chile, Mexico, and United States), Ekanayake, Vogel, and Veeramacheneni (2003) , for instance, report evidence in favor of trade-led growth, while results for (inward) FDI-led growth are mixed. Wang, Liu, and Wei (2004) report for a panel of seventy-nine countries that FDI has a positive impact on growth in high-and middle-income countries, but not in low-income countries. Looking more close at a subsample of developing countries, Hansen and Rand (2006) find that FDI has an impact on gross domestic product (GDP) via knowledge transfers and the adoption of new technology.
Only very few studies give an explicit account of spatially related variables in the analysis of the trade-FDI-growth nexus. One exception is Ö zyurt (2008), who estimates a long-run model for labor productivity of Chinese provinces driven by trade and FDI as well as their respective spatial lags. The author finds that FDI and trade volumes have a positive direct effect on regional labor productivity. Her results for the sample period show that the geographical environment has a subsequent influence on labor productivity in a given region. Besides the spatial lag of the endogenous variable as a ''catch-all'' proxy for spatial effects, FDI spillovers turn out to be of specific interregional nature. These findings give a first indication that the growth impact of internationalization activity is not restricted to direct effects, but may also be influenced by spillovers from the economic development in neighboring regions. Complementary to the evidence reported by Ö zyurt (2008), there is a growing literature with respect to third-country effects of FDI activity (see, e.g., Baltagi, Egger and Pfaffermayr 2007; Garretsen and Peeters 2009; Shepotylo 2010) . Using regional data, Bode, Nunnenkamp, and Waldkirch (2011) analyze spatial effects of FDI and other Marshallian externalities on regional productivity growth among US states. The authors find that spatial effects shape these externalities significantly and help avoid drawing false policy conclusions. Similarly, Mullen and Williams (2005) test for the impact of FDI on income convergence among US states. The authors find that FDI has a significantly positive effect on regional income growth.
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As a common point of departure in the literature summarized above, we start from a stylized regional production function to model the transmission channels from trade and FDI activity to economic growth (Edwards 1998) . A spatially extended version is, for instance, presented in Ertur and Koch (2007) . The model can be written as
where Y i;t denotes aggregate production of region i at time t. The cross-sectional dimension is specified as i ¼ 1; : : : ; N and the time dimension is t ¼ 1; : : : ; T . K and L are capital and labor inputs, respectively. A i;t is the TFP of region i. The latter in turn is driven by A 0i;t as a region-and time-specific productivity as well as international activities including trade and FDI, where T is a vector of trade variables (export and import volumes) and F is a vector of FDI activity (inward and outward FDI stocks). Variables denoted by ''$ '' indicate weighted averages of values for spatial proximate neighbors. In modeling A 0i;t , we draw on Bode, Nunnenkamp, and Waldkirch (2011) and create it from the following terms: A 0;i represents the productivity effects of time-invariant location factors, e mt captures the common productivity effects of exogenous technological progress. The last term in equation (3) measures interregional productivity spillovers. a, b, g, d, f, x, and r are the coefficients to be estimated.
The spatial lag term for a variable X is defined as
indicating that the variable is constructed as a weighted average of values in neighboring regions, where w ij are the individual weights taken from a spatial weighting matrix W. The latter is typically row-standardized with P j w ij ¼ 1. Alternative empirical operationalizations for W are discussed in the section Data and Stylized Facts. Since we are interested in quantifying the role played by international trade and FDI activity on intraregional and interregional technological progress, our main interest is to estimate equations (2) and (3) . To do so, we proceed in a two-step Mitze 369 approach. First, we compute a proxy for TFP A i;t as residual from a first-step linear production function model (small letters denote logarithmic transformations) as
where y i;t ¼ lnðY i;t Þ and likewise for k and l, a is a regression constant and the residual e i;t measures the regional TFP level. Then, for estimating equation (2) we need to compute the reduced form of equation (3) and substitute it into equation (2). Using a log-log form, the empirical specification for TFP estimation can be written as
where tfp i;t is logged total productivity in region i at time t as a function of its spatial lag (tfp i,t ), logged trade and fdi variables (t it , f it ) as well as their spatial lags (t i,t ,f i,t ). The empirical specification further contains individual-(i i ) and time-fixed effects (i t ); u i,t is the error term of the model. Since we are dealing with a long time-series dimension and thus potentially nonstationary variables, special attention has to be drawn to a proper model specification: that is, only if both tfp and the vector of endogenous regressors z = (t,f) form a stable cointegration relationship, then the error term u i;t is warranted to be stationary and integrated of order u i;t; $ Ið0Þ. The latter in turn avoids the problem of spurious regression among variables of order IðdÞ, with d 0. Moreover, as Beenstock and Felsenstein (2010) point out, in an aspatial specification u it may be potentially affected by cross-sectional dependence. The presence of spatial lags should capture these effects and account for any bias stemming from omitted variables. Furthermore, since each spatial lagX is a linear combinations of the underlying untransformed series, it has the same order of integration as variable X . This has the important implication for the nonstationary case that the presence of spatial lags enlarges the cointegration space among tfp and the set of regressors z to ensure stationarity of the residual term u it . As pointed out in the seminal work of Engle and Granger (1987) , cointegration and error correction are mirror images of each other. We may thus move from a specification of the long-run equation in equation (5) to a dynamic specification in first differences, which nevertheless preserves the information of the long-run equation. The resulting (Vector) error correction model ((V)ECM) describes the dynamic process through which cointegrated variables are driven in the adjustment process to their long-run equilibrium. In the following, we build on the concept proposed by Beenstock and Felsenstein (2010) and specify a spatial ECM (SpECM) as a dynamic process, in which time-space cointegrated variables comove over time. We allow for deviations from a stable long-run equilibrium relationship in the short run, however, the ''error correction'' mechanisms ensures the stability of the system in the long run.
Therefore, the SpECM concept may encompass three important types of cointegration: (i) if cointegration only applies within spatial units but not between them, we refer to ''local'' cointegration. The latter is the standard concept of cointegration with respect to (panel) time-series analysis; (ii) ''spatial'' cointegration refers to the case in which nonstationary variables are cointegrated over time between spatial units but not within them. As Beenstock and Felsenstein (2010) point out, in this case, the long-term trends in spatial units are mutually determined and do not depend upon developments within spatial units; and (iii) finally, if nonstationary spatial panel data are both cointegrated within and between cross-sections over time, we refer to ''global'' cointegration.
The resulting SpECM associated with equation (5) in its first-order form can be written:
where D is the difference operator such that Dtfp i;t ¼ tfp i;t À tfp i;tÀ1 ; e it is the shortrun residual which is assumed to be temporally and spatially uncorrelated. The terms u itÀ1 andũ itÀ1 are the (spatially weighted) residuals from the long-term relationships of the system. The coefficients for u andũ can be interpreted as error correction coefficients, which drive the system to its long-run equilibrium state. Global error correction arises if the coefficients of these ec-terms, Z 1 and Z 2 , are nonzero. For the nested case of local error correction, we assume that Z 1 < 0.
It is straightforward to see that if the coefficients for u andũ are zero, the long-run information used for estimation drops out and the system in equation (6) reduces to a single equation in a spatial VAR (SpVAR) formulation. Note, that in the short run, z may affect Dtfp differently from how it affects tfp in the long run. It is also important to note that the coefficient for the time lag of the dependent variable (l 1 ) is typically expected to have the same sign as the coefficient forũ (Z 2 ), since the dynamics of tfp will be affected by short-run deviations from the cointegration path in neighboring regions. For the case of Z 1 ; Z 2 6 ¼ 0, the resulting SpECM specification exhibits ''global error correction.'' Since both equations (5) and (6) take the form of a (dynamic) spatial Durbin model (SDM), incorporating spatial lags of the endogenous and exogenous variables (Anselin 1988) , an appropriate estimation strategy is to use maximum likelihood (ML) techniques. For panel data settings, Beer and Riedl (2009) have recently proposed an ML estimator for the SDM in a fixed-effects setting, which makes use of a (generalized Helmert) transformation proposed by Lee and Yu (2010) . The authors show by means of a Monte Carlo simulation experiment that the SDM-ML estimator has satisfactory small-sample properties. We apply this estimator in the following.
Data and Stylized Facts
For the empirical analysis, we use panel data for the ten West German federal states between 1976 and 2008. Our data set comprises regional GDP, capital and labor inputs, export and import volumes, as well as inward and outward stocks of FDI. All data are used in real terms. For the analysis, all variables are transformed into logarithms. 2 The sources and summary statistics of the data are given in Table 1 . Additionally, Figure 1 plots the time evolution of each variable for the ten West German federal state. All variables show to grow over time throughout the period 1976-2008. The correlation coefficient between GDP and TFP is sufficiently high (0.59), where the TFP variable is derived from a production function model according to equation (4) . 3 An issue that deserves careful attention when modeling in a spatial regression approach is the use of an appropriate spatial weighting matrix (Stakhovych and Bijmolt 2009; Elhorst 2010) . Typically, border-or distance-based matrices are used. As a benchmark case, we use a spatial weighting scheme that contains binary information on whether two states i and j share a common border (w ij ¼ 1) or not (w ij ¼ 0). The spatial weighting matrix is used in its row-normalized form. In order to check for the stability of our results, we additionally use further weighting matrices, which define pairwise weights based on inverted distances as w ij ¼ ð1=D ij Þ, where D ij is the distance in road kilometers averaged over pairs of major cities in each state. Finally, as an alternative concept we also use interregional economic linkages based on goods transport flows to define pairwise weights among states. Since a total measure of interregional trade flows among German regions is not available, railway transportation statistics may serve as a proxy for the former. We use data from 1970 to ensure that the observed interregional linkages are exogenous to our estimation system (see the Appendix A for details).
The latter transport-based weighting matrix is used both in absolute terms and in terms of per capita intensities in order to control for the different absolute size of states. An important motivation for using transport-based weighting schemes is that we are able to give a more straightforward economic interpretation regarding the estimation results. That is, for instance, consider a negative correlation of the neighboring regions' import performance with regional GDP evolution. Opening up for international trade in terms of increased import activity may lead to a substitution effect of intranational forward and backward linkages. Regional supply is thus substituted by its neighbors through international import flows. This, in turn, may slow down economic development in the region under study and can motivate a negative spatial spillover effects. The advantage of transport weighting schemes is that they allow for a sound economic interpretation.
Finally, before proceeding with the estimation approach, we want to investigate the time-series properties of the variables involved. The graphical presentation in Figure 1 already gives an indication that all level variables have a trend pattern and are likely to be nonstationary. To analyze this in more depth, we compute panel unit root tests proposed by Im, Pesaran, and Shin (2003) as well as Pesaran (2007) . The latter test has the advantage that it is more robust to cross-sectional correlation brought in by spatial dependence (see, e.g., Baltagi, Bresson and Pirotte 2007.) , while the Im, Pesaran, and Shin (2003) test is found Mitze 373 to be oversized, when the spatial autocorrelation coefficient of the residual is large. The results of both panel unit root tests for variables in levels and first differences are reported in Table 2 . As the results show, both test statistics give strong evidence that all variables are integrated of order Ið1Þ in their level specification and are tested to stationary after taking first differences. The same holds for the spatial lag transformations underlining the argument made by Beenstock and Felsenstein (2010) that a spatial lag as linear combination of the underlying untransformed series is typically of the same order of integration. Table 1 .
Empirical Results
First, we estimate the long-run cointegration equation for TFP, trade, and FDI. The results for the SDM-ML model with different spatial weighting matrices are shown in Table 3 . All model specifications report a positive and statistically significant coefficient for the region i's own export and outward FDI performance on TFP. While the region's own import and inward FDI activity are found to generally add little explanatory power, the models show significant correlations between TFP and the spatial lag variables. That is, while all specifications find a significant negative coefficient for inward FDI, with the exception of the transport per population weighting scheme all models report significant positive correlation between the spatial lag of outward FDI activity and TFP. Similarly, the coefficient of the spatial lag of export volumes is found to be statistically Note: ***, **, and * denote significance at the 1, 5, and 10 percent levels. For IPS, the optimal lag length is chosen according to the AIC. H 0 for both panel unit root test states that all series contain a unit root. Spatial lags are constructed using the common border-based weighting scheme.
Mitze 375 significant negative in three out of four specifications. The same holds for the spatial lag of the endogenous variable, which shows a positive correlation among regions in all cases except for the border-based weighting scheme. 4 However, one has to note that the regression parameters for the set of explanatory variables from equation (5) cannot be interpreted directly as marginal effects. As LeSage and Pace (2009) have recently shown, for model specifications including a spatial lag of the endogenous variable, economic interpretation is more complex. Table 4 therefore additionally computes summary measures for the SDM-ML based on a decomposition of the average total effect into its direct and indirect elements. The direct effect thereby measures the impact of changes in region i's outcome variable for a change in the value of regressor x for region i, the indirect effect arises from spatial spillovers to region i's outcome variable due to the averaged change in the observations of all neighboring regions j (for details, see LeSage and Pace 2009). Statistical inference is done based on simulation runs used to create distributions for the effect measures. 5 Since all variables are specified as logarithms, the reported marginal effects can be interpreted as elasticities. 6 The results obtained confirm the correlations from Note: ***, **, and * denote significance at the 1, 5, and 10 percent levels. Standard errors in parentheses. R 2 defined as squared correlation between tfp and c tfp.
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International Regional Science Review 37(3) Table 3 and report a significant direct effect of export flows on the regional TFP level in all model specifications. This finding can be directly associated with the commonly known trade-led growth hypothesis. The estimated output elasticity for TFP varies between 0.15 percent and 0.6 percent, given a 1 percent change in regional export volumes. Except for the border-based specification, all models also show a significant direct effect of outward FDI activity and thus confirm the FDI-led growth hypothesis. The estimated elasticity is somewhat smaller than in the export case and ranges from 0.12 percent to 0.23 percent. Although all models report a negative direct effect of import activity on TFP, this effect turns out to be statistically significant only in the distance-based specification. Note: ***, **, and * denote significance at the 1, 5, and 10 percent levels based on partial derivatives and parameter simulations as described in LeSage and Pace (2009) . Simulated standard errors are given in parentheses.
Mitze 377 Looking at the significance and size of spillovers from neighboring regions, all models find a strong and positive effect for outward FDI, while inward FDI is associated with negative spillovers. The same holds for import activity. Both effects hint at reallocation activity stemming from increased inward-oriented internalization activity in Germany, which leads to a substitution of regional input-output linkages by international ones. On the other hand, there is a strong correlation between the regions' external internationalization activity, which leads to a positive technology transfer both in the host region and in its neighborhood. Summing up both effects to a measure of the total marginal impact, this shows that the TFP level is predominantly driven by FDI activity, positive in the case of outward FDI stock, negative for inward FDI. The results for trade activity hint at the same direction, although the reported statistical significance is mixed. Nevertheless, all specifications show a positive coefficient for the trade effect, while the output elasticity of import activity is generally negative.
A general result obtained from the long-run estimation is that the inclusion of spatial lags helps to significantly improve the fit of the different models and shows more clear-cut results regarding a stable cointegration relationship among the variables. For the full model including all variables and their spatial lags, the null hypothesis of no cointegration can be strongly rejected by the Pedroni (1999) test (Panel r statistic). Here, the test statistic is 3.24 (p value ¼ .00) versus 1.77 (p value ¼ .11) in the aspatial case, showing only weak support for a stable cointegration vector with stationary residuals when we discard the spatial lags. 7 Our results can thus be interpreted along the lines of Beenstock and Felsenstein (2010) , who find that the inclusion of spatial lags may be of vital importance to ensure a stable cointegration relationship in regional economic models.
We then move on and use the information obtained from the long-run cointegration relationship in a SpECM framework for regional TFP growth to analyze the short-run correlation between technology growth and internationalization activity. The estimation results of the SpECM are shown in Table 5 . Here, the inclusion of time and spatial lags of the endogenous variable results in a more complex specification. We use a ''time-space-simultaneous'' model (see, e.g., Anselin, Le Gallo, and Jayet 2008), which includes a contemporaneous spatial lag of the endogenous variable and a one period time lag. 8 The results generally show that the short-run dynamics of TFP growth is mainly driven locally and are therefore different from long-run impacts. Looking at the regression coefficients describing the short-run correlation among the variables, we see that regional TFP growth is mainly driven by short-run movements in outward and inward FDI. For both variables, the estimation results show a positive and statistically significant regression coefficient. We also obtain some evidence for a positive short-run correlation between changes in the regional export volumes and TFP growth, as well as a negative relationship between short-run changes in the spatial lag of import flows and TFP growth.
For the included error correction term (u i;tÀ1 ), we get a significant and negative regression parameter supporting the findings of the Pedroni (1999) cointegration test, that is, local error correction is in order, although with a rather small adjustment speed. The regression results for the coefficient for the spatialized ec term (ũ i;tÀ1 ) are highly mixed and statistical significance is weak. Only for the transport-based weighting scheme we get a significant coefficient. As argued by Beenstock and Felsenstein (2010) , it also found to be in line with the coefficient sign of the spatial lag of the endogenous variable. The positive coefficient indicates that temporary deviations from the stable long-run relation between TFP and internationalization activity in neighboring regions foster region i's TFP growth in the short run. However, the Mitze 379 regression results in the other three specifications hint at the absence of such interregional spillovers stemming from the short-run adjustments to long-run equilibrium. Moreover, we find strong evidence for the role of autoregressive adjustment processes measured by Dtfp i;tÀ1 as well as significant positive coefficient for the contemporaneous spatial lag of the endogenous variables. The latter result mirrors earlier findings for German regional growth, which shows a positive intranational growth nexus among spatial neighbors (see, e.g., Niebuhr 2000 as well as Eckey, Kosfeld, and Tuerck 2007) . Testing for remaining crosssection correlation in the error term of the SpECM by means of the spatiotemporal extension of Moran's I (STMI, see Lopez et al. 2011) , Table 5 shows that the time-space-simultaneous specification is well equipped to capture all underlying spatial patterns in the data. 9 Finally, Table 6 computes the direct, indirect, and total effects of the SpECM in order to interpret the regression results regarding the significance of growth determinants and spatial spillovers. To do so, we first derive the reduced form of the model by multiplying both sides of equation (6) with ðI N À l 2 WÞ À1 , where I N is an identity matrix of order N , so that the model is only written as a function of predetermined endogenous and exogenous variables. From this transformation, we can compute the direct, indirect, and total time-contemporaneous impact for each exogenous variable in analogy to the long-run cointegration equation. We can then compute the final form of equation (6) by multiplying it with ð1 À l 1 Þ À1 . One has to note that this approach is based on the assumption of time-space separability, that is, we assume that spatial processes are fully processed through the system for each period of time observation such that there are no time-space covariances. This in fact is a simplification of a more complex time-space structure as, for instance, discussed in Debarsy, Ertur, and LeSage (2011) . Since most of the spatial lag terms were estimated to be statistically insignificant, this simplification should still give a reasonably good approximation of the underlying dynamic process. As pointed out by Debarsy, Ertur, and LeSage (2011) , it is also possible to track the temporal distribution of the temporary and cumulated impact (both aspatial and spatial) over time as known from standard multiplier analysis in the time-series literature (Lütkepohl 2005 Table 6 thus shows the contemporaneous direct, indirect, and total effects of the SpECM's reduced form specification. The results confirm the observation that TFP growth is mainly driven by outward and inward FDI, where the latter variable has both positive direct and indirect spatial spillover effects. Although inward FDI is found to be negatively correlated with TFP in the long run, short-run changes are found to have a positive temporary effect on the evolution of technical progress. Export growth is shown to have a positive direct effect in most specifications as well. To illustrate the short-run effect of changes in the exogenous variables on TFP growth, Figure 2 gives a graphical presentation of their interims multipliers. 11 As the Figure shows, export and outward FDI are mainly driven by its direct effect. For inward FDI, the indirect spatial spillover effect is almost of equal size as the direct effect, while in the case of import flows the positive direct and negative indirect effect offset each other. In general, all effects fade out after five years at the most, indicating a rapid absorption of short-run shocks.
Finally, to answer the politically relevant question whether internationalization activity is altogether beneficial or damaging for regional TFP, we compute net direct and indirect trade effects in the long-and short-run by aggregating the individual Note: ***, **, and * denote significance at the 1, 5, and 10 percent levels based on partial derivatives and parameter simulations as described in LeSage and Pace (2009) . Simulated standard errors are given in parentheses.
Mitze 381 effects over all four variables. We therefore take the sample mean of each of the explanatory variables (both in levels and first differences) and calculate the variable's individual absolute contributions by multiplying the sample mean with the obtained coefficients from Tables 4 and 6 . Then, by summing up the obtained absolute contributions to the total net effect and normalizing it to 100 percent, we can compute the relative importance of the direct and indirect elements as a share of the total effect. The results for the case of long-and short-run specifications based on the transport intensities as weighting scheme are shown in Figure 3 . The figure shows that in the short run, both effects are positive. Here, the net direct effect measured over all four variables amounts to roughly 75 percent, whereas one-fourth of the total effect stems from spatial spillovers. For the long-run equation, we find that the overall positive net effect is driven by the sum of the direct effects, while-collectively-the sum of the individual direct effects is slightly negative. The latter relationships shows that-measured in absolute terms-the positive effect from outward FDI is outweighted by the negative spillovers induced from inward FDI and trade activity. As a result of these two opposing effects, the relative contribution of the spillover part to the total effect is rather small.
Conclusion
This article has examined the role of direct and indirect spillover effects for the German regional TFP-trade-FDI nexus. We have used a combination of time-series analysis as well as spatial econometric tools to tackle this issue. While the empirical analysis of long-run comovements among nonstationary variables is by now a common standard in time-series econometrics, less attention has been paid to the importance of spatial lags in the long-run formulation of such a regression model. Applying the novel concept of global cointegration recently proposed by Beenstock and Felsenstein (2010) enables us to estimate SpECM for West German data between 1976 and 2008. Our results show that both direct and indirect spatial links between the variables matter when tracking their long-run comovement. In particular, export flows show a significant and positive long-run impact on the level of TFP, supporting the exportled growth hypothesis from regional and international economics. Furthermore, we also find evidence for long-run FDI-led growth and identify negative spillovers from inward FDI and import activity. The latter results may hint at the potential role played by substitution effects, when intranational input-output linkages are scaled down in the process of enhanced trade integration and inward-directed FDI activity. Similar to Beenstock and Felsenstein (2010) , we can conclude that the inclusion of Figure 3 . Short-and long-run ''net'' effects of internationalization activity on regional total factor productivity (TFP; 1 ¼ 100 percent). Note: Effects calculated for the regression results using transport intensities in Tables 4 and 6 .
Mitze 383 spatial lag of the endogenous variable and set of regressors has important implications for the stability of a cointegration relationship among variables for a regional economic system. Residual-based cointegration tests strongly reject the null of no cointegration among the set of variables including their spatial lags. For the short-run determinants of TFP growth, we observe that this process is mainly driven locally rather than globally. We find a negative and statistically coefficient for the error correction term of the SpECM, which gives a further indication that the system is dynamically driven to its stable long-run value. In this case, besides an autoregressive component and the spatial lag of the endogenous variable, outward and inward FDI stocks in particular are found to drive technical progress in the short run. Inward FDI is also found to have significant positive spillover effects.
Regarding the choice of the spatial weighting scheme, we employ geographical information (common border and road distance-based specifications) as well as individual weights stemming from interregional goods transport flows. Our results are generally robust regarding the choice of the spatial weighting matrix. The advantage of (exogenous) transportation data is that the estimated effects can be better interpreted in the context of economic theory. That is, for instance, the negative long-run spillovers stemming from increasing regional import flows can be seen as a substitution effect for intranational input-output linkages affecting the transmission channels of diffusion in technical progress. Summing up the four variables to get direct and indirect net effects of internationalization activity, we find that the direct effect is always positive, while the indirect effect is positive in the short run but slightly negative in the long-run equation.
